Introduction
Methicillin-resistant strains of Staphylococcus aureus (MRSA) were described shortly after the introduction of methicillin into clinical practice in London Hospital dates from 1982, with more than 500 patients affected. ' Considerable effort has been expended in controlling this outbreak, but in spite of large-scale screening of wards, and treatment and exclusion of colonised staff and patients, it has often proved exceedingly difficult to eradicate the organism from affected wards. This strain has shown a remarkable ability to spread and persist in the hospital and is often recovered from environmental samples taken from affected wards many months after initial screening of the ward and removal of colonised patients and staff.
In this study we have attempted to examine aspects of EMRSA-1 adherence and survival at three different levels: firstly, attachment to fibronectin, a glycopeptide thought to be central to the initial attachment of S. aureus to cells; 13 and because of the ease of radiometric quantitation. l 6 Furthermore, the use of freshly harvested epithelial cells (vaginal, nasal, buccal) from volunteers' has many drawbacks that include harvesting difficulties, poor standardisation and reproducibility. ' It was considered unethical to examine adherence to hands, as an earlier study with methicillin-sensitive S. aureus resulted in severe infection. ' 3H-labelling of bacteria. Bacteria were labelled by overnight growth at 37°C in 5 ml of 'IsoSensitest' Broth (Oxoid) with 3H-methyl thymidine (20mCi). After three washes with phosphate-buffered saline (PBS) they were resuspended to give an OD450 of 0.16, equivalent to 7 x lo7 cfu/ml (predetermined by viable count studies).
Materials and methods

Adherence to HEp2 monolayers andjibronectin
Preparation of HEp2 monolayers and adherence assay. HEp2 cells were grown in RPMI 1640 medium containing heat-inactivated fetal calf serum 5%, antibiotics (penicillin 100 IU/ml and streptomycin 100 pg/ml), and 2 m~ Lglutamine (basic medium), on the surface of 25-cm3 or 75-cm3 tissue culture flasks (Costar) in a humidified atmosphere containing COz 5"/,. After removal of the supernate, the monolayer was rinsed with trypsin-EDTA (trypsin 0.5 g/L, EDTA 0-2 g/L, NaClO.85 g/L in calcium and magnesium-free Hanks's buffered salts solution) and then treated with trypsin-EDTA (5ml) until the cells became detached from the flask (10-15 min at 37°C). The cells were centrifuged and resuspended for counting in an improved Neubauer counting chamber. The number of cells was adjusted to 2 x 105/ml and 1 ml of this suspension was placed in each well of a 24-well tissueculture plate (Costar) and incubated overnight, which resulted in a monolayer covering over 90% of the well base. Following two washes of the HEp2 monolayers with PBS (2ml), the bacterial suspension (500~1) was added to each of three HEp2 wells to assess adherence, and to three polypropylene tubes (Sarstedt) to assess the total bacterial count used as inoculum. This gave a ratio of c. 200 bacteria/HEp2 cell. HEp2 monolayers plus bacteria were incubated for 2 h at 37°C. Non-adherent bacteria were removed by aspiration and washing of the monolayer twice with PBS (2 ml) at 37°C.
HEp2 cells plus adherent bacteria were then detached from the plastic wells by treatment with warmed trypsin-EDTA (0.5 ml) for 15 min, mixed thoroughly, and then transferred to polypropylene tubes. The tubes were centrifuged for 15 min at 1400g, the pellets were resuspended (c. 0.2 ml) and scintillation fluid (Fluoran HV; 2ml) was added. Radioactivity was counted in a scintillation counter. Adherence of each isolate was expressed as follows :
Percentage adherence mean cell-associated radioactivity mean radioactivity of total inoculum x 100
--
Isolates were tested on four separate occasions. Adherence tojbronectin. EMRSA-1 isolates (nos. 1-5), penicillin-resistant isolates (nos. 1 1-1 5), the penicillinsensitive control (isolate 16) and the 'Oxford' staphylococcus (isolate 19) were tested for their ability to bind to polypropylene tubes coated with fibronectin (Sigma). After overnight incubation of the tubes with 0.5ml human fibronectin (20 pg/ml in PBS) at 22"C, the fluid was removed and the tubes were washed twice with PBS (2 ml). 3H-labelled bacteria (0.5 ml) were added to three fibronectin-coated tubes for the adherence count and to three uncoated tubes for the total bacterial inoculum count. Tubes were incubated for 2 h at 37°C. Suspensions were then aspirated from the fibronectin-coated tubes which were washed twice with PBS (2ml) and then scintillant (2 ml) was added to the "dry" tubes. Scintillant (5 ml) was also added to the uncoated tubes to assess the total bacterial count. Adherence of each isolate was expressed as :
Percentage adherence mean cpm in fibronectin tubes after washing mean cpm in inoculum x 100
--
Isolates were tested on three separate occasions.
Student's t test and the Mann-Witney U-test.
Means for each group of isolates were compared by
Survival on formica blocks
Test organisms. Five isolates of S. aureus were used: two clinical isolates of EMRSA-1 (MRSA [ 11, MRSA[2] ), one clinical isolate of a penicillin-resistant S. aureus (PRS) and a fully sensitive S. aureus (MSSA), and the 'Oxford' strain of S. aureus (OxS).
Seeding and sampling of formica blocks. The test organisms were grown at 37°C for 18 h in peptone water (10 ml) and then seeded (0.02 ml, c. lo8 cfu/ml) on to 1-in. square formica blocks attached to 1-in. nails. The seeded block was immediately apposed to an unseeded block, and the two blocks were rubbed together for 30 s to spread the inoculum evenly over the blocks. All the blocks in each experiment were seeded at the same time, except for a negative control. The blocks were then incubated at 37°C until required for sampling.
Sampling was a modification of the Casewell and Desai method for sampling finger-tips. * The survival of the strains on the blocks was evaluated at 1, 2, 3, 4, 6, 7, 10 and 14 days with the exception of the studies with MRSA[l] and OxS; the latter were also evaluated immediately after seeding and at 30 min, and 1, 2 and 4 h. At the chosen sampling time, a formica block was removed from incubation and rotated for 30 s in a disposable galley-pot (7-cm diameter) containing 30 ml of sterile glass beads (3-5-mm diameter) and 20 ml of quarter-strength Ringer's solution. Nutrient broth (20 ml) was added to the galley-pot and mixed thoroughly. Each reading involved sampling a separate block ; duplicate viable counts were performed by the method of Miles and Misra." Cultures were incubated overnight at 37°C. The numbers of cfu recovered per block at different sampling times were expressed as percentages of the initial count immediately after seeding.
Results
Adherence to HEp2 cell monolayers
The 18 isolates and a reference strain were compared for their ability to adhere to HEp2 cell monolayers. Preliminary radiometric experiments showed that the washing procedure effectively removed unattached bacteria. The mean percentage adherence of isolates is indicated in table 11. The means for each group of isolates were 21%, 26% and 29% for EMRSA-1, ORSA and SSA respectively. The differences between the mean binding of EMRSA-1 and ORSA or SSA were significant (p < 0.005 ; n = 20). There was no significant difference between the degree of binding of ORSA and SSA. EMRSA-1 adhered to HEp2 cell monolayers less well than the methicillin-sensitive isolates, but EMRSA-1 isolate 4 showed better adherence to HEp2 cells than the other EMRSA-1 isolates (table 11). The penicillin-resistant isolate 14 showed the best adherence of all the isolates tested.
Adherence to fibronectin
Bacteria did not bind to polypropylene tubes incubated with PBS, but did bind to fibronectincoated tubes. The mean percentage adherence of isolates is indicated in table 11. The mean was 17% for EMRSA-1 and 23% for penicillin-resistant staphylococci (SSA). EMRSA-1 bound to fibronectin significantly less well than SSA (p < 0.01 ; n = 15).
EMRSA-1 isolate 4 consistently showed better binding to fibronectin-coated tubes than the other EMRSA-1 isolates. The penicillin-resistant isolate 14 similarly bound better than the other penicillinresistant isolates. These findings correlated with the results observed in the HEp2 adherence assay ( fig. 1 ).
Survival on formica blocks
The mean cfu count per block immediately after seeding was 6.24 x 10'. The initial mean percentage reduction in counts between seeding and 1 h was 76% and 94.6% for MRSA[l] and the 'Oxford' S . aureus respectively (fig. 2) . By 24 h the mean counts had dropped to less than 25% for all isolates. The mean survival of the 'Oxford' S . aureus was consistently less than 2% from 24 h onwards, and there was no survival from day 6. The other four isolates were still recoverable from the formica blocks at 10 days, but EMRSA-1 was not recoverable by 14 days and only 1.3 x lo3 and 6-6 x lo2 cfu/ block were recovered of the PRS and MSSA isolates respectively. There was no staphylococcal growth from any unseeded control blocks.
Discussion
The multi-resistant strain of S . aureus termed EMRSA-1 has been responsible for large outbreaks of staphylococcal infection in hospitals in the South-East of England, which suggests that this strain possesses factors that aid its survival in the hospital environment and colonisation of patients. A pre-requisite for successful colonisation is firm attachment to the 22 Many complex interactions occur at the early stage, but a crucial mediator of adherence of S. aureus is fibronec-S. aureus binds to a 27-Kda fragment on the amino-terminal region of the fibronectin molecule, which binds it saturably, irreversibly and non-~ovalently.~*-~~ The organism has more than tin. involved. Visual assessment of HEp2 adherence assays in stained tissue-culture slides showed extensive binding of cocci at the intercellular junctions, areas which are rich in fibronectin. The low Protein A content of EMRSA-1 may account for the decreased adherence capacity as shown in this study, although the role of Protein A in the adherence of S. aureus is still controversial. This warrants further investigation to establish such a relationship.
Survival in the hospital environment is another facet in the spread and persistence of S. aureus.
Survival of EMRSA-1 on formica blocks was similar to that of the methicillin-sensitive strains tested, with the exception of the 'Oxford' strain of S. aureus, which survived poorly. The differences in survival between the EMRSA-1, MSSA and PRS isolates at the different sampling times were not significant. A recent report from Australia showed that MRSA survived significantly longer on cotton blanket material than methicillin-sensitive strain^.^' Similarly, studies in the isolation ward at The London Hospital, where patients colonised or infected with EMRSA-1 are cohorted, have shown that this strain is widespread in the environment. However, nursing staff on this ward rarely acquire it and patients are regularly cleared of carriage and returned to their original ward. These points, combined with the poorer binding to HEp2 cells and fibronectin, suggest that a personal host predisposition is necessary for the acquisition of EMRSA-1. Previous studies have shown that nasal carriage and lack of nasal carriage of S. aureus are each HLA-linked,42 but in the epidemic hospital situation it is more likely that the predisposition is related to breaches in the intact skin. Over twothirds of EMRSA-1-affected patients at The London Hospital are surgical patients. The survival of the 'Oxford' S. aureus on formica blocks was consistently lower than that of the other four isolates. No growth of 'Oxford' S. aureus was obtained on the blocks by 6 days, whereas the other isolates only approached this situation at 14 days.
The poor survival of the 'Oxford' S. aureus may reflect its long existence as an 'institutionalised' laboratory strain, now far removed from its wild forebears. It may now be an abnormal strain in many respects, as is recognised with coagulase production. This indicates that it should no longer be used as a 'typical' S. aureus for 'control' purposes. A fresh clinical isolate of a fully-sensitive or penicillin-resistant S. aureus is probably preferable. The poor survival of the 'Oxford' S. aureus on the formica blocks was not reflected in the fibronectin and HEp2 cell adherence studies. It is possible that different factors are operative in these different environments.
